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ABSTRACT — The distribution of serum albumin is of interest in the Xenopus (X.) laevis testis, since albumin is probably 
a major protein that binds testosterone (T) in the plasma and interstitial fluid. This study was undertaken to determine 
the localization and purification of serum albumin in the X. laevis testis. The interstitial tissue and spermatogonia 
immunoreacted strongly with a sheep antiserum raised against X. laevis albumin. A weak staining was also seen in 
spermatocytes and early spermatids, but there was no staining in Sertoli cells. In order to clarify whether serum albumin 
was really localized on the surface of testicular cells in the X. laevis testis, a membrane-rich fraction was prepared from 
testes and extracted with 0.6 M KC1. The KC1 extract was then subjected to gel filtration, ammonium sulfate 
precipitation and high-performance liquid chromatography (HPLC). A protein with Mr— 74 kD was obtained by this 
procedure and its NH 2 -terminal amino acid sequence was determined. The sequence of the first 19 amino acids was 
DTDADXXKXIADVYTALTE, suggesting that this protein was identical to serum albumin (Mr=74kD). When the 
membrane fraction of blood cells in this animal was handled in the same manner, no appreciable amount of albumin was 
detected. These results suggest that the 74 kD serum albumin, possibly associated with bound T, may play an important 
role in the differentiation of germ cells during spermatogenesis of X. laevis testis. 


INTRODUCTION 

Sperm formation, spermatogenesis, is the result of a 
complex process of biochemical and morphological dif- 
ferentiation of germ cells. Pituitary gonadotropins and ster- 
oid hormones control spermatogenesis [20-22]. As yet, the 
stage-specificity of hormonal control of spermatogenesis re- 
mains unclear. In order to clarify the stage-specificity of 
steroid hormonal control of this process, immunohistoche- 
mical studies have been performed in the mammalian testis 
using antibodies raised against serum albumin, because this 
protein has a high capacity to bind T [5] and serves as the 
major protein transporting T in the plasma and interstitial 
fluids in adult rats [4]. It is probable that albumin acts on 
Leydig cells and stimulates steroidogenesis of these cells [5]. 
In fact, Christensen et al. [3] showed under electron- 
microscopic immunocytochemistry that albumin was localized 
on the surface of Leydig cells in rat testis, and that im- 
munoreactivity extended between Sertoli cells as well as 
around spermatogonia and early spermatocytes, but albumin 
was not present beyond Sertoli cell junctions. In human 
testis, albumin was observed in Sertoli cells, secondary sper- 
matocytes and early spermatids [6, 15], The precise localiza- 
tion of albumin within the testis is still controversial. 

In amphibians, the regulation of spermatogenesis by 
steroid hormones is not clear except that T may be required 
for spermatid formation [17]. This study was undertaken to 
determine the localization of serum albumin in the X. laevis 
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testis, and also to confirm by purifying this protein from the 
membrane fraction that albumin is really localized on the 
surface of testicular cells. 

MATERIALS AND METHODS 

Experimental animals 

Adult male X. laevis (50-70 gm) were used for all the experi- 
ments. 

Immunohistochemistry 

Testes were fixed in Bouin’s solution and further treated accord- 
ing to conventional histological technique. Sections (approximately 
5 pm thick) were cut on a microtome (Yamato), placed on alcohol- 
washed slides, and warmed on a hot plate for 3 hr and then 
rehydrated in phosphate buffered saline (PBS; pH 7.4) for 10 min. 
The avidin-biotin-peroxidase complex (ABC) method [8] was used 
for immunohistochemical stainings using sheep antisera raised 
against X. laevis albumin (a gift of Dr. D. R. Schoenberg) at a 1: 
15000 dilution in PBS. 

Purification of a 74 kD protein (albumin) 

To confirm whether albumin was really localized on the surface 
of testicular cells, albumin was purified from the membrane-rich 
fraction of X. laevis testes. The membrane-rich fraction of testes 
was prepared by the method of Millette et al. [12]. Testes were 
removed, wiped with Kimwipes around the tissue, frozen immediate- 
ly in liquid nitrogen and stored at — 80° C until use. Frozen testes 
were then thawed and homogenized with a glass-Teflon homogenizer 
in 40 ml of TBS buffer containing 0.16 M NaCl, 3 mM MgCl 2 , 5 mM 
KC1 in 10 mM Tris-HCl (pH 7.4 at 4°C) [12]. The homogenate was 
centrifuged at 1000 g for 10 min at 4°C to remove large aggregates 
and debris. The supernatant was used for preparation of plasma 
membranes by centrifugation on discontinuous sucrose gradients in 
TBS. Exactly 2.5 ml of the supernatant was mixed with 2.5 ml of 
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80% sucrose (w/v) to yield 5 ml of 40% sucrose containing mem- 
branes. All the 40% sucrose material (5 ml) was layered on top of 2 
ml of 45% sucrose (w/v) in TBS in a cellulose nitrate centrifuge tube 
(Hitachi RPS 40T). Two ml of 30% sucrose (w/v) in TBS were then 
layered above the 40% sucrose, followed by 1 ml of TBS to fill the 
tube. Gradients were centrifuged at 125,000 g for 2 hr at 4°C in a 
Hitachi SCP 85H2 ultracentrifuge equipped with an RPS 40T rotor. 
Fractionated material (the interface between 30% and 40% sucrose) 
was collected, diluted— 1: 10 in TBS and pelleted at 125,000 g for 40 
min at 4°C. To prepare the membrane-rich fraction of X. laevis 
blood cells the same protocol was used. The membrane-rich frac- 
tion of testes or blood cells was suspended in 10 ml of 0.6 M KC1, and 
stirred for 48 h at 4°C. Then, insoluble materials were removed by 
centrifugation at 105,000 g for 1 h at 4°C. The resultant KC1 extract 
was fractionated through Sephadex G-200 (Pharmacia) gel filtration. 
Proteins were eluted with 0.6 M KC1 at a flow rate of 10 ml/h. The 
effluent was collected in 1.8-ml fractions, and the protein content of 
each fraction was monitored by absorbance at 280 nm. After this, 
the effluent from the membrane-rich fraction of either testes or blood 
cells was divided into three fractions. The fraction (designated F2 
or F3’, respectively) was dialyzed for 12 h at 4°C against 1 liter of 
saturated ammonium sulfate solution. Precipitates were collected 
by centrifugation at 105,000 g for 30 min at 4°C and dissolved in 2 ml 
of 50 mM Tris-HCl (pH 7.4). The sample was applied to a column 
of Mono Q Sepharose (HR 5/5; Pharmacia) equilibrated with 50 mM 
Tris-HCl (pH 7.4). Protein concentrations were determined by the 
method of Peterson [16] using bovine serum albumin as the standard. 

SDS-PAGE and immunoblot analysis 

Proteins were added to the SDS sample buffer, heat denatured, 
and electrophoresed on a 12% acrylamide gel [10]. For immunoblot 
analysis, nitrocellulose membranes were stained after transfer [23] 
with a sheep anti-X. laevis albumin serum at a 15,000 dilution in PBS 
[13]. 

NH 2 -terminal sequence analysis 

An NH 2 -terminal amino acid sequence analysis was performed 
using the 74 kD protein obtained from X. laevis testes. An auto- 
mated protein sequence analysis was performed on an Applied 
Biosystems Model 470A gas-liquid phase protein sequencer con- 
nected on-line to an Applied Biosystems Model 120A HPLC [14]. 


RESULTS 

Immunohistochemical studies for localization of albumin 
The immunohistochemical localization of serum albumin 
was examined by use of a highly diluted specific antiserum. 
None of cells was stained when non-immune serum was used 
(Fig. la). However, a strong staining was observed in the 
interstitial tissue and spermatogonia, when the sheep anti- 
serum raised against X. laevis albumin was used (Fig. lb). 
A weak staining was also seen in spermatocytes and early 
spermatids, but not in Sertoli cells (Fig. lb). 

Purification of a 74 kD protein (albumin) 

The membrane-rich fraction from testes was extracted 
with 0.6 M KC1 and then the 0.6 M KC1 extract was applied to 
a Sephadex G-200 column. The effluent was divided into 
three fractions (Fig. 2a). The last peak was not saved be- 




Fig. 1. Localization of albumin in the X. laevis testis by indirect 
ABC analysis with sheep antiserum raised against X. laevis 
albumin. 

Immunostaining with sheep non-immune serum (a) and with 
sheep antiserum raised against X. laevis albumin (b). Arrow 
and arrowheads indicate Sertoli cell and spermatogonia, respec- 
tively. Sg, spermatogonia; sc, spermatocytes; st, spermatids; 
sz, spermatozoa; S, Sertoli cells; it, the interstitial tissue. 


cause no detectable amounts of proteins was obtained, 
although it had an absorbance at 280 nm. This may be due 
to free amino acids and/or small peptides since all substances 
in this peak were dialyzable. When the membrane-rich 
fraction from blood cells was used instead of that from testes, 
three peaks appeared in the elution profile from the gel 
filtration (Fig. 2b). The first three fractions were designated 
FI, F2 and F3 for the testes, or FT, F2' and F3’ for the blood 
cells, respectively (see Figs. 2a and 2b). 

The F2 fraction for the testes was dialyzed against a 
saturated ammonium sulfate solution and then the precipi- 
tates were obtained, followed by HPLC. As shown in 
Figure 3a, a major peak was obtained by the first HPLC. 
This peak with a dotted area was pooled and dialyzed for 1 hr 
against 1 liter of 50 mM Tris-HCl (pH 7.4). After dialyzed, 
the sample was subjected to the second HPLC. When the 
second HPLC was done, the symmetrical peak with a dotted 
area containing a 74 kD protein was eluted with 0.25 to 0.35 
M NaCl (Fig. 3b). When this peak was analyzed for the 
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Fig. 2. Gel filtration chromatography on Sephadex G-200 of the 0.6 
M KOI extract of X. laevis testes (a) and blood cells (b). 

A column (1.5 X 120 cm) was calibrated with standard molecular 
weight proteins [bovine serum albumin (BSA; Sigma, Mr =68 
kD)] and cytochrome c (Cyt C; Miles, Mr=14 kD). The void 
volume (Vo) is indicated with an arrow. 



Fig. 3. Elution profiles from the first (a) and second (b) HPLC. 
Proteins in the F2 fraction obtained from the Sephadex G-200 
gel filtration chromatography were eluted with 20 ml of a linear 
gradient of NaCl (0.0- 1.0 M) in 50 mM Tris-HCl (pH 7.4) at a 
flow rate of 2 ml/min. 


saturated ammonium sulfate solution. After the second 
HPLC, a very strong band with Mr =74 kD and a much 
weaker band with Mr=68 kD were observed (Fig. 4A; lane 
g). Based on densitometric tracings of stained gels on 
SDS-PAGE (Joyce-Loebel Chromatoscan 3), the total 
amount of the 68 kD protein was <5% of that of the 74 kD 
protein. In contrast, a 74 kD protein could not be detected 


heterogeneity of proteins by SDS-PAGE, a 74 kD protein 
was hot a major protein in the KC1 extract (Fig. 4A; lane c). 
However, the 74 kD protein was a major protein in the 
precipitate of the fraction F2 obtained by a dialysis against a 
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Fig. 4. Profiles of proteins on SDS-PAGE as observed during the 
purification procedure (A) and the gel filtration (B). 

(A) : Lane a, the homogenate (50 fig)\ lane b, the membrane 
fraction (50 fig ); lane c, the KC1 extract (5 fi g); lanes d-f, the FI 
(10 fig), F2 (12 fig), F3 (8 /ug) fractions from gel filtration, 
respectively; lane g, the sample from the second HPLC (2 fig). 
An arrow and an arrowhead indicate 74 kD and 68 kD proteins, 
respectively. 

(B) : Lane a, the precipitate in the F2 fraction from testes after 
dialysis against a saturated ammonium sulfate solution (10 figl 
lane); lane b, the precipitate in the F3’ fraction from blood cells 
after dialysis a saturated ammonium sulfate solution (8 //g/lane). 


in the precipitate of the F3’ faction from blood cells after 
dialysis against a saturated ammonium sulfate solution (Fig. 
4B; lane b). Yields of each step in the process of purification 
of the 74 kD protein are summarized in Table 1. The 74 kD 
protein was obtained to a final yield of 0.1%. 

Identification of the 74 kD protein 

In order to identify the 74 kD protein, an NH 2 -terminal 
amino acid sequence analysis of this protein was performed. 
As seen in Fig. 5, the sequence of the first 19 NH 2 - terminal 
amino acids of the 74 kD protein was identical, except for 3 
unidentified amino acids, to that of the 74 kD X. laevis serum 
albumin published by Maskaitis et al. [11] and Schorpp et al. 
[18]. 

DISCUSSION 

This study has clearly shown that serum albumin is 
present in the interstitial tissue of the X. laevis testis. 
According to Christensen et al. [3], immunoreactivity of 
albumin was detected on the surface, but not in the cytoplasm 
of Leydig cells. It is not clear in this study whether both the 
cell surface and cytoplasm of cells in the interstitial tissue of 
the X. laevis testis contain albumin. We need further inves- 
tigation at an ultrastructural immunocytochemical level to 
answer this question. However, it seems probable that the 
surface of cells in the interstitial tissue [probably steroid 
hormone (SH)-secreting cells] is associated with albumin, 
since albumin was purified from the membrane-rich fraction 
of X. laevis testes, but not from membranes of blood cells. 
Spermatogonia also had a strong response to the albumin 
antibody, and spermatocytes and early spermatids had a weak 
response. A question also arises as to whether albumin is 
localized on the surface of these germ cells. Presently, we 
have no direct evidence for this. Immunocytochemical stu- 


Table 1. 

Yields of the 

74 kD protein 

from X. laevis 

testes. 



Total protein 


Yield 



(mg) 


(%) 


exp. 1 

exp. 2 

exp. 3 


Membrane fraction 

23.0 

28.0 

37.8 

100 

KC1 extract 

3.63 

4.59 

7.23 

17.4 

Sephadex G-200 
gel filtration 

0.240 

0.320 

0.425 

1.11 

HPLC 

0.025 

0.024 

0.038 

0.10 


Fig. 5. The N-terminal sequence of the 74 kD protein trom the X. laevis testis. 

Prepeptide Propeptide Mature Protein 


74kD Albumin 3 MKWITLICLLISSSFIES RILFKR DTDADHHKHI ADVYTALTERTFKG 

This work * * * * * XX * X* ************* * 

‘Data from Schorpp et al. [18). The leader peptide of the 74 kD X. laevis albumin consists of a 
hydrophobic sequence of 24 amino acids [11,18]. 

Note. Regions of identity arc noted by an asterisk. X, not determined. 


Albumin in the Testis of X. laevis 


289 


dies will answer this question. 

It is of great interest to note that Sertoli cells did not 
respond to the antibody. Several investigators have local- 
ized albumin in Sertoli cells of mammalian testes such as 
human [6, 15], hamster [9] and rat [3]. It is not clear 
presently why the immunoreactivity of albumin was not 
observed in Sertoli cells of X. laevis testis. In the semini- 
ferous tubules of mammalian testis, Sertoli cells form a 
barrier, so-called the blood testis-barrier, to retard or exclude 
many substances in the blood plasma from entrance into the 
lumen [19, 25]. Most germ cells, except for spermatogonia, 
reside within the barrier or the adluminal compartment. In 
anurans, on the other hand, spermatogenesis takes its course 
in the cysts of the testes. Germ cells develop within groups 
of ’’follicle” cells which are thought to be comparable to the 
Sertoli cells in the mammalian testis. According to Berg- 
mann et al. [1], substances like nutrients and hormones in the 
blood in this species is probably accessible to most developing 
germ cells. Taking all these findings into consideration, it is 
not surprising that Sertoli cells had no response to the 
antibody of albumin. Perhaps, albumin is not associated 
with Sertoli cells. T may be transported to germ cells from 
the interstitial space without going via Sertoli cells. 

Finally, the HPLC sample consisted of two proteins, as 
judged from the result of SDS-PAGE analysis. One with 
Mr=74 kD was a very strong band and the other with Mr=68 
kD was a very faint band (see Fig. 4A; lane g). Both bands 
immunoreacted with the antibody of albumin (data not 
shown). This is not unusual. The frog, X. laevis, has two 
albumin genes that code for a 74 kD and a 68 kD serum 
albumin [11, 18]. In addition, two molecular forms of 
proteasome [7], calreticulin (a Ca 2+ -binding protein) [24] 
and prolactin [26] have also been reported in this animal. 
Two forms of these proteins may have occurred from a 
duplication of the entire genome in the genus Xenopus [2]. 
In view of these findings, we must have purified two albumins 
together, but could not separate one from another by the 
methods used in this study. One explanation for this may be 
as follows; albumin exists in two forms that migrate on 
SDS-PAGE with relative molecular weights of 74 kD and 68 
kD, respectively. As the number of amino acids of the two 
albumins is equivalent (608 residues), the anomalous be- 
haviour on SDS-PAGE may be due to the glycosylation, 
which is specific for the 74 kD albumin [18]. It might be 
possible to separate one from another by changing the range 
of NaCl concentrations on HPLC. 

As to which albumins are more closely associated with 
immunoreacted cells remains unclear at the present time. In 
the serum of X. laevis , the 74 kD albumin exists to a much 
greater extent than the 68 kD albumin (data not shown). It 
seems, therefore, very likely that the former is more closely 
associated with the surface of testicular cells. We do not 
know yet how spermatogenesis in X. laevis is controlled by T. 
Nevertheless, it is extremely interesting to note that the 
developing germ cells and the interstitial tissue (probably 
SH-secreting cells) are associated with albumin. Consider- 


ing that serum albumin can bind T, spermatogenesis may be 
influenced under T with the aid of serum albumin in this 
species as well as in others. 

ACKNOWLEDGMENTS 

We are indebted to Dr. D. R. Schoenberg, Uniformed Services 
University of the Health Science, for the generous gift of sheep 
antisera raised against X. laevis serum albumin. We gratefully 
acknowledge Dr. S. Tanaka, Gunma University, for helpful advice 
for the identification of specific cell types in the X. laevis testis. We 
wish to thank Dr. E. P. Widmaier, Boston University, for his 
stimulating discussions and criticisms. 

REFERENCES 

1 Bergmann M, Schindelmeiser J, Greven H (1984) The blood- 
testis barrier in vertebrates having different testicular organiza- 
tion. Cell Tiss Res 238: 145-150 

2 Bisbee CA, Baker MA, Wilson AC (1977) Albumin Physiolo- 
gy for clawed frogs (Xenopus). Science 195: 785-787 

3 Christensen AK, Komorowski TE, Wilson B, Ma S-F, Stevens 
III. RW (1985) The distribution of serum albumin in rat testis, 
studied by electron microscope immunocytochemistry on 
ultrathin frozen sections. Endocrinology 116: 1983-1996 

4 Corvol P, Bardin CW (1973) Species distribution of testoster- 
one binding globulin. Biol Reprod 8: 277-282 

5 Ewing LL, Chubb CE, Robaire BR (1976) Macromolecules, 
steroid binding and testosterone secretion by rabbit testis. 
Nature 264: 84-86 

6 Forti G, Barni T, Vanelli G, Balboni GC, Orlando C, Serio M 
(1989) Sertoli cell proteins in the human seminiferous tubule. 
J Steriod Biochem 32: 135-144 

7 Fujii G, Tashiro K, Emori Y, Saigo K, Shiokawa K (1993) 
Molecular cloning of cDNA for two Xenopus proteasome subun- 
its and their expression in adult tissues. Biochim Biophys Acta 
1216: 65-72 

8 Hsu S-M, Soban E (1982) Color modification of diaminobenzi- 
dine (DAB) precipitation by metalic ions and its application for 
double immunohistochemistry. J Histochem Cytochem 30: 
1079-1982 

9 Krishna A, Spanel-Borowski K (1990) Albumin localization in 
the testis of adult golden hamsters by use of immunohistochemis- 
try. Andrologia 22: 122-128 

10 Laemmli UK (1970) Cleavage of structural proteins during the 
assembly of the head of bacteriophage T 4 . Nature 227: 680- 
685 

11 Maskaitis JE, Sargent TD, Smith Jr LH, Pastori RL, Schoenberg 
DR (1989) Xenopus laevis serum albumin: sequence of the 
complementary deoxyribonucleic acids encoding the 68- and 
74-kilodalton peptides and the regulation of albumin gene 
expression by thyroid hormone during development. Mol En- 
docrinol 3: 464-473 

12 Millette CF, O’Brien DA, Moulding CT (1980) Isolation of 
plasma membranes from purified mouse spermatogenic cells. J 
Cell Sci 43: 279-299 

13 Nakamura M, Michikawa Y, Baba T, Okinaga S, Arai K (1992) 
Calreticulin is present in the acrosome of spermatids of rat testis. 
Biochem Biophys Res Commun 186: 668-673 

14 Nakamura M, Moriya M, Baba T, Michikawa Y, Yamanobe T, 
Arai K, Okinaga S, Kobayashi T (1993) An endoplasmic 
reticulum protein, calreticulin, is transported into the acrosome 
of rat sperm. Exp Cell Res 205: 101-110 

15 Orlando C, Casano R, Forti G, Barni T, Vanelli GB, Balboni 


290 


M. Nakamura, T. Yamanobe and M.Takase 


GC, Serio M (1988) Immunologically reactive albumin-like 
protein in human testis and seminal plasma. J Reprod Fertil 
83: 687-692 

16 Peterson GL (1977) A simplification of the protein assay 
method of Lowry et al. which is more generally applicable. 
Anal Biochem 83: 346-356 

17 Rastogi RK, Iela L, Saxena PK, Chieffi G (1976) The control 
of spermatogenesis in the green frog, Rana esculenta. J Exp 
Zool 196: 151-166 

18 Schorpp M, Dobbeling U, Wagner U, Ryffel M (1988) 5’- 
Flanking and 5’-proximal exon regions of the two Xenopus 
albumin genes. Deletion analysis of constitutive promoter 
function. J Mol Biol 199: 83-93 

19 Setchell BP (1967) The blood testicular barrier in sheep. J 
Physiol (Lond) 189: 63-65 

20 Steinberger E (1971) Hormonal control of mammalian sperma- 
togenesis. Physiol Rev 51: 1-22 

21 Steinberger E, Duckett GE (1967) Hormonal control of sper- 


matogenesis. J Reprod Fertil Suppl 2: 75-87 

22 Steinberger E, Steinberger A, Ficher M (1970) Study of sper- 
matogenesis and steroid metabolism in cultures of mammalian 
testes. Rec Prog Hormonal Res 26: 547-588 

23 Towbin H, Staehelin T, Gordon J (1979) Electrophoretic 
transfer of protein from polyacrylamide gels to nitrocellulose 
sheet: procedure and applications. Proc Natl Acad Sci USA 
76: 4350-4354 

24 Treves S, Zorzato F, Pozzan T (1992) Identification of calreti- 
culin isoforms in the central nervous system. Biochem J 287: 
579-581 

25 Waites GMH, Setchell BP (1969) Physiology of the testis, 
epididymis and scrotum. Adv Reprod Physiol 4: 1-63 

26 Yamashita K, Matsuda K, Hayashi H, Hanaoka Y, Tanaka S, 
Yamamoto K, Kikuyama S (1993) Isolation and characteriza- 
tion of two forms of Xenopus prolactin. Gen Comp Endocrinol 
9: 307-317 


